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DUPLICATE 

IA/3-22352/P1 1 
Production of a Fermentation Product 

The present {nv^^nUon relates to processes of treating a substrate, and in 
particular plant derived materia, to provide an aqueous liquor a>ntain!ng sugars 
5 whicfi are used in a fermentation process to produce a fermentation product, in 
particular the present fnvention relates to a process of dewatering a 
fermentation broth residue, produced following a heat treaimemt step or most 
preferably as a by-product from tie distillation step following a femientation 
process wherein the volatile distillation product is recovered . Typically the 
10 dewatered solids are dried and used as a solid fuel. The clarified water would 
normally be returned to watercourses and/or used as wash liquor further back in 
the process. 



Typically sudh fermentation products include for instance ethanol, 
15 glycerol,acetone, n-butenol, butanediolM isopropanol, butyric acid,msthane, 
citric acid, f umaric acid, lactic acidi propionic add, succinic acid, itaoonic add, 
acetic acid, acetaldehyde, 3-hydroxypropionic acid, glycollc acid, tartaric acid 
and amino acids (such as L-glutaric acid, L-Iysine, L-aspartic acid, L-tryptophan, 
L-arylglycines) or salts of any of these acids. 

ZO 

It is known to treat a blomass with acid in order to hydrolyse polysaccharides to 
the component sugars that can be used in a fernientation process to produce a 
feranentation product For Instance US-A-4384897 describes a method of 
tnaating biomass material in which it is subjected to a two stage hydrolysis in 

25 which polysaccharides tfiat are more easily hydrolysed, such as hemicellulose 
and then In a second stage the material that is more difficult to depoiymerise 
e.g. cellulose, is depolymerised using a more severe hydroiytJc treatment The 
products of the first and second stages Include sugar solutions, organic acids, 
and aldehydes. The monosaccharides are subjected to fermentatim to produce 

30 ethanol and the beer resulting from the fermentation may then be subjected to 
rectification to produce ethanoi of commerdal grade* US-A-4384897 sets out to 
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provide Improvements in more efficient washing of «oUds, the use of cQ-cunrent 
washing or counter-cumsnt washing of solids and proposes the use of ferric and 
or aluminium ions as flocculating agents to separate finely dispersed solids 
resulting from the neutralisation of the hydnolysate liquor stream* 

5 

US 4,728t613 describes the use of a glycol derivative and an inorganic salt to 
recover extraceiluiar enzymes from whole fennentation beer. High 
concentrations of the glycol derivative (1-1S weight percent) and inorganic $alt 
(B-35 weight percent) ans used to form a 2-phase system to recover the 
10 enzyme. 

US 5.552, 316 concerns the combination of anionic and cationic floccuiants that 
are used to clarify an aqueous solution containing microbial cells (E. coil). The 
E coil is generated in a fermentation process. 

15 

it is also known from a National Renewable Energy Laboratory (NREL) report 
entitled "Lignoceliulose Biomass to Ethand Process Design and Economics of 
CO'Cun^nt Dilute Acid Prehydrolysis and Enzymatic IHlydfolysIs Cunent and 
Future Scenarios", NREL/IP^O-26157 (July 1399) to treat cellulose as the 

20 second polysaccharide by a ceilulase enzyme in order to hydroiyse the cellulose 
into its component sugars. In one form of this process the solid by-product 
residue resulUng from the flr^ hydroiyste step and containing cellulose is divided 
into a main stream and a secondary stream. The main stream is fed dlrscUy into 
thefemnentation vessel and the secondary stream is passed to a ceilulase 

25 production stage. In whlcTi fungi ana allowed to grow and act upon the celiuic»se, 
such that sugars and ceilulase are fonnn. The sugars and ceilulase are then fed 
into the fermentation v^sei and the ceilulase acts upon the cellulose from ttie 
main stream and converts it into the component sugars ttiat in turn can be 
fermented to produce the fermentation product 

30 

It is known to treat shredded cellulosic material using concentrated acid to 
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provide aqueous solutions of sugars, which can be used In a fermertation 
process. For Instance US-A-4650e89 discloses a process of preparing ethsmol 
from cellutosic material by subjecting the celiulosic material to highly 
concentrated mineral acid gas such as HCI under pressure, and treatment with 
5 hot water to give a liquor containing sugars which can be feimenled. 

US-A-5975439 describes an automated process for producing ethanol by 
shredding the celiulosic component of municipal solid waste and mixing this with 
equal amounts of concentrated sulphuric acid at high temperature to provide a 
10 digested mixture. The aqueous sugar solution Is separated from the solids by a 
filtration process before being subjected to a fermentation process. 

However, In the recovery of the fermentation product from the fermentation 
brotti It Is sometimes necessary to distil off the fermentation product continually 
15 in a distillation stage, wherein a stillage stream, comprising residues and by- 
products Is also removed. 

WO-A-a603514 describes manufacture of ethanol by fennentatlon and then 
exlracUon of the ethanol from the fermentation broth. The residual fermentation 

20 broth liquor contains yeast and dissolved polymeric materials such as 
polysaccharides and proteins. An advantage of locating the solid liquid 
separation stage after the distillation stage is that some part of the non- 
separable dissolved protein in the fermentation liquor is transferred Into a 
separable fonn through coagulation due to heating in ihe distlllalion and heat 

25 exchange processes. 

In a study by Ann C WHWe et al (Biomass and Bloenergy 19 <2000) 63-102). the 
treatment of ethanol stillage is evaluated. The bacterium. Zymonionas mobflis 
has been shown to produce higher ethanol yields but there id difficulty In 
30 separating the sUllage liquor from the solid material. The study also Identlfles 
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the difficulty in separating suspended solids from sugar crops and cellulosic 
crops. 

In generai, the stsHege stream or still bottoms r^ulting from th$ distUlafion 
6 processes are subjected to a solids-liquid separation step to produce a 

dewatered product which cen be dried to produce a dry solid fuel product. The 
aqueous liquid separated from the solids are either returned fo watercourses 
and/or recycled as wash water used in the washing of acid treated plant derived 
material. The stiliage stream or still bottoms are normally high in BOD 
10 (Biological Oxygen Demand) and so It Is important to ensure that the aqueous 
liquid Is eflecSveiy clarified and the water produced {herefrom is i^bsfantialiy 
free of Impurities in order not 1o poison watercourses and/or when used as wash 
liquor contaminate the substrate that is being washed. 

15 The stiilage stream contains precipitated protein based impurifies and high 
levdis of iigniHr which make It difficult to flocculate and effect solids liquid 
separation. It Is Imown from an Ni^L report entitled "Liqutd/Solid Separation"* 
99-10600/14 (March 2001) to treat post distillate slurry with a single polymer 
solution of concentration 0.01 to 0.02 vA%, identtfied as Pero-765, at doses in 

20 the range of 0.4 to 1 Kg/tonne of dry solids to effect the dewatering of the solids 
on a belt press to a final solids content of 26-29 wt%. l-lowever, the filtrate darity 
is poor. When separating a dilute feed of 3 to 4 wt% insoiubles a filtrate 
containing solids of 0.25 wt% or greater is produced. It Is noted that when 
operating with a det^red feed concentration of 11.7 wt% the ability to flocculate 

2S the solids may be even worse and It will be necessary to either dilute the feed 
stream, use greater mixing intensity, and/or incnaasethe polymer dose. Based 
on the final solids content and the filtrate solids achieved in these studies, belt 
presses were not recommended for this application. Normally such liquors have 
been subjected to elevated temperatures, for instance above 60^C and can be 

30 as high as 95^C or 100°C and for process time and energy effldency reasons 
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may require solid/liquid separation at elevated temperatures, typically above 
80°C which adds further to the difficulty of optimisation of the separation stage. 

international application PCT/ EP 03/08427 (unpublished at the date of filing of 
5 the present application) addressed the difTiculty in flocculating adequately such 
liquore that have been subjected to these elevated temperatures. 
Improvements in solid/liquid separation of a fermentation product vw hich 
contains lignocelluloslo residues (or llgnm) were achieved using a treatment 
system comprising a cationic polymer having an intrinsic viscosity of at least 4 
10 dl/g. The process Involves using a dose of cationic polymer above 2 kg/tonne 
based on dry weight of suspension, or in using the cationic polymer and a oo - 
additive selected from anionic polymer, a cationic polymer of Intrinsic viscosity 
below 4 dl/g and a cationic charge density of at least 3 meq/g and/or inorganio 
coaguiants and/or charged mlcroparliculate material. 

The term "fermentation Hquoi' is used here to Include mixtures often referred to 
as "mbced femientation liquor^, or -fennentafion broth". These liquors include 
those resulting from agricultural plant derived materials that have been 
subjected to one or more fenmentatlon stages. 



15 



20 



We provide a process of separating suspended solids from such fermentation 
liquors after their exposure to a heating step or steps by subjecting the resulting 
mixture to a solid/liquid separation stage, wherein the fermentation liquor Is 
produced in a fermentation process for the production of a fennentatlon product 
and in which the fentjentation liquor has been subjected to a temperature of a* 
least SXfC, wherein the solid/liquid separation stage is assisted by a treatment 
system, characterised in that the treatment system comprises an anlonto 
polymer selected from natural or modified natural polymers having a high 
anionic charge such that Ihe equivalent weight is below about 300 ( generally 
30 this would be higher than 3.3 meq/g) andtor synthetic polymera fomied from at 



25 
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least 50% Dy weight anionic monomer unHs ( generally this would be greater 
than 5.3 meq/g). 

We have found unexpectedly that the yield and/or cifiRciency of fiie process can 
5 be improved by eflecting 8 rapid but efficient solids liquid separation of the solid 
residues fnom a l^rnientaUon liquor that has been sui^ected to elevated 
temperatures. Such heat treatment may result in exposure to temparaturea 
signlficantiy higher than 50°C, for instance 60 or 70^C and especially In the 
range of 80 to 100%. The process Is particularly suitable to separation 

1 0 processes In whlc^ the femientatlon liquor has been recovered after the 

fermentation product has been substantially rranoved by a distillation step. The 
process enables the recovery of soluble components from the disHliatton column 
still bottom liquors (stiHage) because they are rend^ied insoluble as a result of 
the heat treatmait. or exposure to a distillation process for the production of a 

15 farnentation product, fn^ Instenoe ethand. 

Generally the fennentation liquor (containing biomass} vrill tend to be at a pi-i 
below neutral and often betov/ 6. The p[-l can be as low as 3 but it usually 
would ba at-ieast 4 or 5. 

20 

The process Is particularly suited to the dewaterlng of heat treated tennentafion 
liquor and separation of solids therefrom. Typically the fctfomass may be deftved 
ftom materials corrtainlng hemioelluloses and lignoceliuiosic compounds and In 
vi^ich case the femnentatlon iiqiKX- may contain lignln &nii ilgnh-^e 

25 sutistances. Alternatively it may tie delved from a pur^carfaotiydrate sut>slrate 
such as sugars derived liom crops produc^g sterdi. for example vi/heat com, 
potatoes rice and the lilce or sucrose from sugar cane or sugar beat, in whicfi 
case the fenmentetion liquor cculd be largely devoid of lignln. Such a process 
couid include the disUIIatlon of the fermentation liquor to produce ethanoi for fuel 

30 as a fennentation produd: and espedaiiy w^ere in the fermmtation liquor 
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contains Hgnin. Where the fennentatlon liquor is devoid Of Hgnin the 
fernientatJon product may be potable ethanol. 



The process is particularly suitable for fennentation liquors containing lignin and 
5 which are high in BOD caused by the presence of soluble organic compounds 
and in which the recovered clarified aqueous stream can be recycled Into an 
earlier stage of the process. The treatment system of the present invention 
enables a significantly Improved separation of liquid from the solid residues and 
byproducts. In particular the process Induces more effective flocculatlon and 

1 0 the separation process is found to be significantly faster. In addition where the 
fermentation liquor contains lignin the solid residues (mainly lignin) resulting 
frtjm the separation process of the heated fennentation liquor have higher cake 
solids than those recovered from use of convenUonal separation treatments. 
Such a solid product would take less time and energy to dry and thus can be for 

16 Instance used more efficiently as a solid fuel. Where the fennentation liquor is 
substantially devoid of lignin, more effective separation of the solids can also be 
achieved in comparison with a conventional separation. In this case the 
recovered solids could be suitable as either a solid fuel or as an animal feed. 



20 We have found that the treatment system is particularly effective when using 
polymers that have a high anionic charge. The natural or modified natural 
(semi-natural) polymer will preferably have a low equivalent weight below about 
300 and can be as low as 150 or lower. The equivalent weight Is the molecular 
weight per anionic charge and generally can be readily determined by colloid 

2S titration. Preferably the synthetic anionic polymer used in the treatment system 
will comprise above 50% by weight anionic monomer units, suitably between 85 
and 100% by weight In some cases it may be particular desirable to use 
polymera that comprise at least 70 or at least 80% by weight anionic monomer. 

30 The anionic polymer may be a synthetic, modified natural <semi-natural) or 
natural polymer. Examples of suitable natural polymers Include sulphaled 
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polysaccharides such as carrageenan w those ointainind uronic acids faxh as 
alginates and pecHns. 



Syntiietlc anionic polymera may be derived flrom ethylenically unsaturated 
5 monomer or monomer blend oomprieing at least one anionic monomer. 

TypicaHy the anionic monomer can be any suitable water-soluble efliylenicaliy 
unsatunsAed monomer and containing a pendant add gnoup existing either as 
the free acid or a salt fhereof. The anlonfc polymer may be formed from anionic 
monomers selected from the group consisting of (mefh) ac^c acid (or saits)« 

1 0 maleic acid (or salts), itaconlc add (or salts), fumaric add (or salts), vinyl 

sulfbnic acld{or salts), allyl sulfonic acid and 2-acrylamldo-2-methyi suifbnic add 
(or salts). Suitable salts of the anionic monomers indude eUcali msiai ernJ 
ammonium salts. The polymers may be formed by the polymerisation of at least 
one anionic monomer optionally In the presence of other suitable monomers, 

15 which could for Instance be water-soluble non-lonio monomens sudi as 

acrylamlde. By water-soluble we mean that the monomer has a solubility of at 
least 5g/l00 ml at 25%. A partlculariy suitable polymer and its copolymer is 
sodium acrylate vrith acrylamlde. 

20 The polymers may be linear In that they have beer> prepared substantially in the 
absence of branching or cross-IInldng agent Altranalively the polymers can be 
branched orcross-llniced, for example as in EP-Ar202780. In the Invention, the 
anionic polymer may be fomied by any suitable polymerisation process. The 
polymers may be prepared for instance as gel polymers by solution 

25 polymerisation, water-in-oU suspension polyn^sation or by water-in-oll 
emulsion polymerisation. When preparing gel polymers bysolulion 
polymerisation the inftiatDrs are generally introduced into the monomer solution 
to initiate pdymerisation. Once the polymerisation te complete and the polymer 
gel has been allowed to cod suffidently the gd can be processed in a standard 

30 way by first comminuting fiie gel Into smaller pieces, drying to the sutstantlally 
dehydrated polymer followed by grinding to a powctar. The polymers may be 
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produced as beads by suspension polymerisation or as a wateNn-ofl emulsion 
or dispersion by water-in-oil emulsion polymerisaiion. for example accoiding to 
a process defined by EP-A-150933. EP-A-102760 or EP-A12e528. 

5 The anionic polymer is typically a high molecular weight polymer having a 

molecular weight above 500.000 and usuaBy of several mlBion, for Instance 5 to 
30 million. Prefei^ly the anionio polymer exhibits an Intrinsic viscosily oT at 
least 4 di/g. An aqueous polymer solution (0.5-1% w/w) is prepared based on 
the active content of the polymer. 2 g of this 0.5-1% polymer solution is diluted 

10 to 100 ml in a volumetric flask with 50 ml of 2M sodium chloride soluQon that Is 
buffered to pH 7.0 (using 1.56 g sodium dlhydrogen phosphate and 32.26 g 
dlsodium hydrogen phosphate per litre of deionised water) and the whole is 
diluted to the 100 ml marie with deiontsed water. The Intrinsic viscosity is 
measured using a Number 1 suspended level viscometer al25'*C using the 

15 buffered salt solution as a 'blanis' reading 

Particulariy piefen^ polymers exhibit an intrinslo visoosily firom 6 or 7 dl/g and 
can be as high as 20 or 30 di/g or higher. Typically they can be in the range of 
11 or12uptDl7or18dl/ig. 

20 

The dose of anionio polymer is typically at least 50 grams per tonne (based on 
dry weight of fem^enlation liquor). The dose is usually signifloanUy higher, and 
can be typlcaUy up to SOOO grams per tonne. Usually the amount of polymer Is 
added m an amount befiween 500 and 3000 grams per tonne, especially around 
25 750 to 2000 grams per toraie. 

The trealment system desirably may employ the anionic polymer or polymers as 
the treatment agent. On the other hand for some systems it may be appropriate 
to use additional flooculaflng agents or ooagulante. Typically this may be by 
30 introducing a forther polymeric fiocculaUng agent or coagulant. We have found 
mat the separation process Is particularly effective when the treatment systsm 
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cdrtiprlses a caHonto coagulant as a second component in addition to the 
antonic polymer. In particular a ppsferred embodiment employs a treatment 
system that comprises (i) an anionic polymer as described above and (ii) a 
catlonic polymer of intrinsic viscosity of below 4 dl/g. 

5 

In a treatment system comprising anionic polymer and cailonlc polymer of 
Intrinsic viscosity below 4 dl/g. these may be added eimuitaneousiy, eltiier as a 
pre-mix or alternatively separately. In one prefeired ftwrn of tfie Invention an 
anionic polymer Is added first followed by Ifie addition of low IV catlonic 
10 polymer. Tiie reverse order of addition is also possible and may be particulariy 
suited to certain cases. 



The cationiG polymer may be a low IV natural, modified natural or synthetic 
cationic polymer which exhibit intrinsic viscosity of below 4 dl/g and a cationic 
15 charge density of at least 3 meq/g. 

Preferably the low IV polymer is selected from the group consisting of 
polyamines, amine/eplhalohydrin addition polymers, polymeraof dicyandiamlde 
with Ibmialdehyde. polymers of diallyldlmethyl ammonium chloride PADMAC), 
20 cationic starch, cationic Inulin, polymers of dialkyl amino alkyi (meth) acrylates 
(or salts} and dialkyl amino alkyl (meth) acrylamidee (or salts). Polyamines may 
be commarcially available polyamines, for instance polyethylenelmihe (PEI). 
Catlonic starch or cationic inulln may be oommerdally available producis. 

25 Prefenned catlonic polymers are addition polymers of fbrmaldehyde with 
dimettiylamlne and optionally ottier amines such as ethylenediamine. or 
polymers of fbrmaldehyde with dicyandlamide.. Mom praf«-red Icvw IV polymeric 
coagulants include polymers of water soluble ethylenically unsaturated cationic 
monoivter or blend of monomers of at least erne catloiric, non-ionic and/or 

30 anionic monomer(s) alone or with other water soluble monomers, provided that 
the polymer has a caHonidty of at least 3 meq/g. By water^iuble we mean that 
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the mDnomer has a solubility of at least 5g/100 ml at 26^. Particularly preteired 
polymers are homopofymers of diallyldimethyl ammonium chloride or 
copolymers of dlallyldimethylammonium chloride with up to 20 mole% 
acrylamicJe. Typically such polymers would have molecular weights of up to 
5 2,000,000 and usually below 1 ,000,000, for instance 200,000 up to 600,000. 
Uselul polymers would ideally exhibit an intrinsic viscosity of below 4 di/g. 



The cationic polymer suitably introduce into the aqueous suspension in any 
suitable amount in order to effect flocouiation or coagulation of the suspended 
10 solids. Usually the dose of polymer is at least 50 grams par tonne (based on dry 
weight of fermentation liquor). The dose is usually significantly higher, and can 
be typically up to 5000 grams per tonne. Usually the amount of polymer is 
added in an amount between 500 and 3000 gr^s per tonne, especially around 
750 to 2000 grams per tonne. 

15 

in order to ensure that the coagulated or flocculated solids are separated from 
the liquid medium, the femnentation liquor solid residue is subjected to a 
mechanical dewatering stage during or subsequent to application of the 
treatment system. The mechanical dewatering step is ideally selected from at 
20 least one of, a centrifuge, a screw pres$, a filter press, a belt filter press, a 
horizontal belt filter or preferably a pressure filter. 



The aqueous liquid separated from the fermentation liquor solid nesldue 
comprises sugars and/or ottier soluble components that contribute to BOD and 
26 are generally free of unwanted suspended solids and desirably are recycled into 
a fermentation process in order to produce a fermentation product 

The fermentation liquor solid residue often comprises iignin and lignin-lype 
substances and these are generally difficult to dewater. generally the separated 
30 fermentation liquor solid residue is subjected to a drying stage and the dried 
residue may for instance be used as a solid fUel, a nutrient source IbrfUrfher 
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fermenftatfon, an animal feed or a source of chemicals. The process enables the 
manul^cture of the fermentatjon product to be made more efficient. PnsferaWy 
the fennentation product is selected from the group consisting of ethanoi, 
glycerol, acetone, n-butanol, butanediol, isopropanol. butyric acid, methane. 
S citric acid, fumaric acid, lactic acid, praplonic acid, succinic add. itaconic add, 
ac^ic acid, acetaldehyde, 3-hydroxypropiorno acid, glycollc acid, tartaric add 
and amino acids such as L-glutarIc acid, L-lystne, L-aspartic acid. L-trypfophan. 
L~arylglycines or salts of any of these adds. 

1 0 The ftillowing examples Hlustrate the invention. 



04-FEB-2004 
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Examde 1 

Various antonfc polymers are tested on a post-distillation tieat treated 
fermentation liquor to establish filterability or dewatering efficiency. Each anionic 
polymer Is tested by measuring the capillary suction time (CST). CST is based 

5 on the suction pressure created by capillaries within absorbent paper. A 
slandarel-steed circular area in the centre of a piece of absorbent paper is 
exposed to the sample, whilst the remaining area of paper is used Id absorb the 
filtrate drawn out by the capillary suction of the paper. The rate at which filtrate 
spreads outward from the sample, saturating progressively an increasing area 

1 0 of paper, is controlled predominantly by the filterability of the sample- The CST 
apparatus automatically measures the time for the interface between the wet 
and dry portions of the paper to travel a given distance. 

The reading obtained is the CST measured in seconds. The lower the CST the 
15 better the filterability. A 10mm diameter sample cell is used. The fermentation 
liquor sample (7% dry solids) from a potable ethanoi distillery slIHs bottom is 
heated to 70°C. Polymer is added to the sample. The sample is Inverted 8 times 
and the hot mixture poured into the CST apparatus. The rate at which free water 
is drawn outwards from the sample is determined. The faster the rale of 
20 dewatering. the lower the CST obtained. The results are shown in Table 1 for 
the CSTs obtained in comparison with (a) Target CST: from the centrate of a 
centrifuged sample of the fermentation liquor and (b) Control: water addition 
alone to the sample rather than polymer . Polymer doses quoted are based on 
the amount added to the fermentation liquor having a solids content of 7% 

25 



30 
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Table 1 



Flocculant 


Anionic 
Content 
(weight %>i 


Intrinsic 
Viscosity 
(di/g) 


CST 
(seconds) 


Dose (ppm) 


Target (centrate) 






12 




Control (water) 






200 




Polymer 1 


47 


24 


84 


60 


Polymer 2 


52. 


11 


61 


120 


PotwnerS 


55 


13 


82 


120 


Polymer 4 


70 


9 


38 


240 


Polymer 5 


100 


13 


62 


24Q 


Polymer 6 


100 


13 


95 1 


240 



Example 2 

5 

The test in Example .1 is repeated with a second sample of fermentation liquor 
ftiom a potable ethanol distillery stills bottom. The results are shown In Table 2. 
The polymer doses filvan are based on ftermentation liquor with a solids content 
of 7% 

10 Table 2 



Floccuiant 


Anionic 
Content 
(weight %f 


Intrinsic 
Viscosity 
(dl/g) 


CST (seconds) 


Polymer 
Dose 
(ppm) ... 


Target (centrate) 






19 




Control (water) 






388 




Polymer 1 


67 


9 


60 


180 


Polymer 2 


69 


27 


57 


120 


Polymer 3 


76 


24 


63 


120 


Polymer 4 


76 


19 


56 


120 


Polymer 5 


86 


27 


85 


180 


Polymer 6 


89 


20 


147 


240 


Polymer 7 


95 


15 


73 


240 


Polymer 8 


95 


20 


lie 


240 



pdlymera 1.2Aar» socyum acfylate:aciy[amide co-polymers: polymer 3 is poly2-aGrylamido-2- 
methylsulphonatezaoylanilde ; polymens 6 and 8 ai« polysodium acrylate 
polymers are all sodfum acrylateracrytamide copalymers 
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Example 3 

The test described in example 1 was used with a sample of fennentatton tlquor 
from a still bottom from a fuel ethanol process which contains lignin (8% dry 
solids content). The sample testing Is carried out at room temperature. THe 
results are shown in Table 3. The polymer doses are based on fermentation 
liquor containing 8% dry solids. 



10 



1 ^UIC9 O 

Flocculant 1 


Anionic 
Content 
(welght%)^ 


Intrinsic Viscosity 
(dl/9) 


CST 
(seconds) 


Polymer 
Dose (ppm) 


Target 
(centrate) 






35 




Control 
(Water) 






126 




Poivmer 1 


20 


18 


283 


30 


Polymer 2 


30 


18 


279 


30 


Polymer 3 


40 


18 


215 


30 


Polymer 4 


40 


18 


155 


30 


Polymer 6 


50 


16 


154 


15 


Polymer 6 


52 


11 


69 


30 


Polymer? 


65 


16 


48 


30 


Polymer 8 


70 


9 


33 


120 


PolymesrS 


100 


13 


77 


240 


Polymer 10 


100 


13 


82 


120 


Polymer 11 


100 


1 


85 


120 


Carageenan 


Not mesMSurad 


Not measured 


55 


180 



15 



» polymers are sodium aciylate;aea(ylamlde ooi»lyin6rs except P°>5mBra 4, and 7 which are 
pdy 2^c^lamidS^^ oopolymere and 11 which fe poly 2- 

acrylamldo-2-methylsuiphonats 



9 
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Example 4 



5 



The test descnlted in example 1 was used with a sample of fermentation liquor 
iinom a sUil bottom from a ftiel ethanol process wrtifoti contains lignin (8% dry 
soilds content). The sample testing Is carried out at room tempa-ature. The 
results are shown In Table 4. The polymer doses are based on fermentation 
liquor containing 8% dry solids. The anionic polymer was added to the 
fenmentation liquor, follbwed Immediately by the cationic polymer 







CST (seoonds) 


Target (centrate) 




35 


CSontfOi (water) 




126 


Anionic Polymer 


Cationic Polymer^ 




Polymer i (52wl %) 60 
ppm 


Polymer 2 (59 wt%) 
120 ppm 


36 


Carageenah (IfiO 
ppm) 


Chitosan (60 ppm) 


48 



10 



anionic polymer I8 a sodium acvylalBiacryiamidB cxspolymer and cattonic pdlym^r quaternary 
wli Of dimtlwtembioethylaQfyi«t$;acryiamlde copolymer 



04H=EB-a004 15:34 f=RGM CIBPI SC UIT LTD - , TO UK PftT OFT P.Al^AA 



17 



Claims 

1 . A process of separating suspended solids from a fermentation liquor by 
suljjecting the liquor to a solids liquid separation stage, 

wherein the fermentation liquor is produced in a femientation process for the 

5 production of a fermentation product, 

in which the liquor has been subjected to a temperature of at least SO'^C, 
wherein the solids liquid separation stage is assisted by a treatment system, 
characterised In that the treatment system comprises an anionic polymer 
selected from natural polymers and modified natural polymers having an anionic 

10 charge such that the equivalent weight Is below 300, and synthetic polymers 
formed from at least 50% by weight anionic monomer units. 

2. A process according to claim 1 In which the fermentation liquor is 
subjected to a distillation stage in which the femientatfon product is recovered, 
wherein the liquor is removed from the distillation stage as a stiUage siream and 

1S then subjected to the solids liquid separation stage. 

3. A process according to any of claim 1 or claim 2 In which the treatment 
system comprises an anionic polymer formed from at least 65% by weight 
anionic monomer units. 

4. A process according to any of claims 1 to 3 In which the anionic polymer 
20 is formed from anionic monomers selected fnam the group consisting of (meth) 

acrylic acid (or salts), maleic add{or salts), itaconic acidCor salts), fumaric 
acld(or salts), vinyl sulfonic add(or salts), ailyl sulfonic acid and 2-acrylamido-2- 
mefh^ sulfonic acid(or salts). 

5. A process according to any of claims 1 to 4 in which the anionic polymer 
25 exhibits an intrinsic viscosity of at least 4 dl/g (measured using a suspended 

level viscometer In 1M NaCi buffered to pH 7.5 at 25''C). 

6. A process according to any of claims ilo 6 in which the freatment 
system further comprises addition of a cafionic polymer that exhibits an Intiinslc 
viscosity below 4dl/g (measured using a number 1 suspended level viscometer 

30 in 1 M NaCI buffered to pH 7.0 at 25*^). 
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7. A process accorcling lo claim 6 in which the catfonic polymer exhibits a 
charge density of at ieast 3 meq/g. 

8. A process according to claim 6 or claim 7 in which the catfonic polymer is 
selected from tie group consisting of polyamines. amine/epihalohydrin addrfion 

5 polymers, polymers of dicyandiamlde with formaldehyde, polymers of 
dfallyldlmethyl ammonium chloride (DADMAC), catfonic starch and cationic 
inuiin, polymers of dlali^yi amino alkyi (meth) acrylat^ (or salts) and dialKyI 
amino alkyI (meth) acrylamides (or salts). 

9. A process according to any of claims 6 to 8 In which the anionic polymer 
1 0 and cationic polymer are added sequentially, preferably employing theanionic 

polymer fir^ 

10. In a process according lo any of claims 1 to 9 in which the dose of 
anionic polymer is at least 50 grams per tonne (based on dry weight of 
fermentation liquor). 

15 11. A process acconding to any of claims 6 to 1 0 in which the dose of cationic 
polymer Is at least 60 grams per tonne (based on dry weight of fermentation 
liquor). 

12- A process according to any of claims 1 to 11 in which the fermentation 
liquor Is subjected to a mechanical dewatering stage during or subsequent to 
20 application of the treatment system. 

13. A prc>cess according to claim 12 in which the mechanical dewatering step 
Is selected from the group consisting of a centrifugei a screw press, a filter 
press, a belt filter press a horizontal belt filter, and a pressure filter. 

14. A process acCTnillng to any of claims 1 to 13 in which the treated ifquor 
25 from which suspended solids have been removed are recycled and used as 

wash water. 

15. A process according to any of claims 1 to 14 in which the fermentation 
liquor comprises ilgnln and in whfch Uie separated solids are dewatered and 
then subjected to a drying stage to provide a dry solid material and In which the 

30 dry solid material Is used as a solid fuel. 
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16, A process according to any of claims 1 to 15 in which ihe fennentation 
liquor Is deriv^ from crop sugars and in which the separated solrds are 
dewatered and then subjected to a drying stag^ tq provide a dry sotid material 
and in which the dry solid material is used as a solid fuel or as an animal feed. 
5 17» A process according to any of claims 1 to 1 6 in which the fermentation 
product is selected from the group consisting of elhanol, glycerol, acetone, n- 
butanol, butanedlol. Isopropanol, butyric acid, methane, citric acid, fumaric acid, 
lactic acid, propionic acid, succinic acid, ilaconic acid, acetic acid, acetaldehyde 

and 3-hydroxyproplonic acid, glycolic acid, tartaric acid, and amino acids (such 
10 as L-glutaric add, L-lyslne» L-asparllc acid. L-tryptophan. L-'arylglycines)or salts 

of any of these adds. 
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act 

ProducBon of a Fermenfattrm Prnri..nf 

A process of separating suspended soHds ftom a fermentation liquor by 
Subjecting the liquor to a solids liquid aepan^'on stage, 
5 wherein the femientatlon liquor is produced In a fenmentBtion process for the 
production of a fermentation product, 

in which the liquor has been subjected to a temperature of at least SO^C, 
wherein the solids liquid separation stage Is assisted by a treatment system, 
characteilsed in that the treatment system comprises an anionic polymer 
10 selected from natural polymers and modified natural polymers having a high 
anionic charge such that the equivalent weight Is below 300, and synthetic 
polymers formed from at least 50% by weight and anionic monomer units. 
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